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ABSTRACT 

An  algorithm  for  predicting  the Maximum Usable Frequency 

between two Points on the surface  of  the  earth for  High 

Freauency communications is implemented on a TI-59 hand-held 

programmable calculator. 
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1. INTRODUCTION 

An algorithm for predicting the Maximum Usable 

Freuuency (MUF) in the High Frequency radio band has been 

developed at the Naval Ocean Systems Center? San DieSo? 

California? by R.B. Rose and J.N. Martin C13? and has been 

implemented in both FORTRAN IV and BASIC computer languages 

under the name MINIMUF-3.5. The algorithm has been 

incorporated into the CLASSIC PROPHET propagation analysis 

system? and has been demonstrated to provide a 

field-deployable capability for computing HF propagation 

paths with micro-computer resources* 

2. OBJECTIVE 

The essential portions of MINIMUF-3»5 are contained in 

approximately 80 BASIC language statements? reproduced in 

appendix A? which suggests a potential for being encoded in 

hand-held programmable calculators. H.F. Hite of Hughes 

Aircraft Company adapted a restricted version of MINIMUF-3.0 

for the HP-A7 calculator that computes MUFs for 1-hop 

F-l3yer propagation and is thus limited to station 

separations of 4000 kilometers or less. A complete 

implementation of MINIMUF? capable of 2-hop path prediction? 

was desired. 



3. PROGRAM DEVELOPMENT 

A TI-59 calculator program was adapted directly from 

the Rose and Martin BASIC program listing with some logic 

changes reauired to accomodate the memory constraints of the 

calculator* The program listing* summary of logic changes* 

operating instructions* and test case are contained in 

appendices B* C* D* and E* respectively. The program listing 

is annotated with cross-references to statements in the 

BASIC listing for assistance in tracing logic flow. The hulk 

of the development task was to minimise program and data 

storage reauirements. Several iterations finally produced 

the current version which reauires 800 program steps and 20 

data registers* the full capacity of the normally-accessible 

calculator attributes. 

4. PERFORMANCE 

The TI-59 program was optimized for storage' that being 

the overriding constraint. Execution time for single-hop 

predictions is approximately 50 seconds. Were the program 

optimized for speed* given 3 larger storage capacity* 

execution time could conceivably approach 40 seconds. The 

test case contained in appendix E is the identical test case 

promulgated with the Rose and Martin report* and yields the 

same results on the TI-59. Notice* however* that the MUF 

limit of 32 MHz has been raised to 50 MHz* thereby providing 



for HF path prediction during periods of high solar flux 

when customary hand limitations are exceeded. The test case 

should be executed after initially programming the TI-59 b'r.i 

keystroke to ensure correct program entry. A copy of the 

program is available on magnetic cards by sending two blank 

cards to the authors* however* the user is cautioned that 

magnetic cards are not guaranteed to be transportable among 

all TI-59 calculators. 

5. CONCLUSIONS AND RECOMMENDATIONS 

A capability for predicting Maximum Usable Frequencies 

in the HF radio band can be realised with hand-held 

•calculators* and therefore can be widely deployed in the 

field. An even larger capability can be realized by 

utilizing custom made modules for the TI-59. Each module 

provides for 5000 program steps in addition to the normal 

960 maximum step capacity of the calculator* and could 

provide for additional portions of the CLASSIC PROPHET 

System to be included in calculator implementations* such as 

the D-region absorption model. Appendix F lists several 

persons to contact in regard to having custom modules 

manufactured for the TI-59. 



APPENDIX A 

BASIC MINIMUF-3.5 PROGRAM LISTING 

The BASIC language listing of MINIMUF-3.5 is reprinted here 

with the permission of R»B. Rose* and serves as a auide for 

the TI-59 keystroke listing. 



J 

M1N1MUF-3.5 PIUX.KAM 

* 

K6-R6 MAX 1 
K5«l/K6 
J9»198 
FOR Kl«l/<2iK6> TO 1-1/<2*K6> STEP 8.9999-1/K6 
IF K3-1 THEN 1188 
K3-9.5 
P»SIN<L2> 
Q«COS<L2> 
A«<SIN<L1)-P*C0S<G1>>/<Q*SIN<G1>> 
B«G1*K1 
OPtCOS<B)+Q*SIN<B)*A 
D«<COS<B>-C*P>/<Q*SQR<l-C*C>> 
D«ACS<D HAX -1+1.8E-5 MIN 1-1.8E-8) 
M8-U2+SGN<SIH<U1-H2> >*D 
IF U8*>8 THEN 1288 
U8»M8+P1 
IF U8<P1 THEN 1228 
H9-M8-P1 
L8«P8-ACS<C HAX -1+1.8E-5 HIN 1-1.8E-8) 
Y1»8.8172»<18-KH8-1>*38.4+D6> 
Y2«8.489»C0S<Y1> 
K8«3.82*M8+12+9.13*<SIN<Yl)+l.2*SIN<2*Y1>> 
K8«K8-12*<l+SGN<K8-24>>*SGN<ABS<K8-24>> 
IF C0S<L8*Y2>>-8.26 THEN 1358 
K9-6 
G8-8 
H9«2.5*C1*K3 
H9-H9 HIN P9 
H9«SIN<M9> 
H9«1*2.3*H9*SQR<H9> 
GO TO 1398 
K9*<-8.26+SIN<Y2)tSINa8))/<C0S(Y2)tC0SCL8) + 1.8E-3) 
K9-12-ATN < K9/SQR < MS<1-K9*K9)> > t?.639437 
T-K8-K9/2+12t(l-SGN<K8-K9'2)»SGN<ABS<K8-K9/2>) 
T4«K8*K9/2-12*<l*SGN<K8*K9'2-24>>*SGN<ABS<K8«M<9/2-24>> 



f 
1398 C8»ABS<C0S<L8+Y2>> 
1489 T9«9.7*C8t9.6 
1418 IF T9>8.1 THEN 1438 
1428 T9=8.1 
1438 M9*2.5*G1*K5 
1448 M9=M9 HIN P8 
1458 «9-SIH(H9> 
1468 H9»1+2.3*M9*SQR<M9> 
1470 IF T4<T THEN 1588 
1488 IF <T5-T>*<T4-T5>>8 THEN 1518 
1498 GO TO 1648 
1580 IF <T5-T4>*<T-T5>>8 THEN 1648 
1518 T6=T5+12«H"SGN<T-T5>>*SGN<ABS<T-T5>> 
1528 G9«PI*<T6-T>/K9 
1538 G8»PItT9'K9 
1548 U-CT-T6VT9 
1558 G8*C8«CSIN<G9)+G8t(EXP<U)-C0S<G9>))/<l+G8*G8> 
1560 G7»C8*<G8*<EXP<-K9/T9>+im£XP<<K9-24>/2>/<UG8*G8> 
1570  IF G0->G7 THEN  1590 
1580 G0«G7 
1590 G2-<1+S9/250)tM9JSQR<6+38tSQR(G8)> 
1600 G2»G2*<l-0.UEXP<(K9-24>/3>> 
1610 G2*G2*<1 + U-SGN<L1)*SGN<L2>)*0.1> 
1620 G2«G23<1-0.1*U*SGN<ABS<SIN<L0>)-COS<L8>>>> 
1630 GO TO 1700 
1640 T6*T5+12t<1*SGN<T4-T5>>*SGN<ABS<T4-T5>> 
1650 G8«PI*T9/K9 
1660 U-<T4-T6)/2 
1670 U1—K9/T9 
1688 G8<-C0*<G8*<EXP(Ul) + l>)tEXP<U>/<l+G8*G8) 
1698 GO TO 1590 
1780 IF G2>J9 THEN 1720 
1710 J9-G2 
1720 NEXT Kl 
1730 J9-J9 MAX 2 HIN 32 
1740 RETURN 

8 



APPENDIX B 

TI-59 PROGRAM LISTING 

The keystroke listing of the TI-59 program implementation of 

MINIMUF-3.5 follows* Segments of TI-59 code are 

cross-referenced to the BASIC program listing. 



)U0 

)02 
) 0 3 
\f'-4 

i n ci 

'; :-: 

b    L D L 
1      R 

I 
1 

;G  foro72o 
43   RCL 
15      15 

43   RCL 
1 •"!        1 •": 

nc 
32   XIT     1080,90 

•:;q    rn> 

. n J-! 

332 •—. iC 
T  L H  ! 
i  N V 

"i o o !•! '-* CDS 
334 4 4 SID 
"| ' j cr 0 6 06 
3 3 6 if. 5 x    1030,' 
"j O "7 01 1 

"; •"« t~: 93 a 
"i «~t i". 05 _i 

340 09 9 
341 95 = 
J42 •*• C 

i 4- !*! 01 1 
EH 4 :•'! S B R 
i   -j   ET 07 U7 

1 J  (^ 'H5 95 
i«-? j' 35 i •••• X 
i ••f i% :*  i_ - srb 
14 '-i 07 U r 

1^1-; 

U t> L 

ni     i 
032      fc.7 
053 00 
054 57 

0 6     0 6 
65     x 
05     5 

ubui yo 
063 32 
064 89 
065 71 
066 07 
067 9 4 
0 6 8 5 5 
069 02 
0 7 0 9 5 
071 38 

J r' D 
"! 7 ft 

U r' ? 

080 
;"!;-! 1 

0 o ii 
U o 3 
084 
085 
086 
087 
088 
089 
090 
091 
0 9 2 
0 9 3 
0 9 4 

SBR 
07 

o 1 N 

U i 

I IK 

01 
00 
i i n 

STD 

4 2   STD 
1 1      11 

-3 RCL 
07 07 
59 INT 

0 9 5 ,rH 5 - 
096 42 STD 
0 9 7 0'? 0 9 
098 01 1 
09.9      "'5 

1300,10,20,30 

157)0" 

1070 

1070 - cont'd 
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100 43   RCL 
101 07     07 

1 U •-' 
in 4 

110 
1 - 1 

1 .-'f-, 

4 3   R C L 
s 19     0 9 

3   F .; 
i i 

c." tr ^_ 

1130 

43 RCL     1100,10,20 
.4 14 

!-• 0 liEG 
• •; q f: n •-: 

1 D U >:"5 
1 5 1 -T .^1 RCL 
152 ! ifi u u 
i  C! Z1 :-;S !-•   T   1. 1 

on
 '-. s 

1  FlFi -: -~i p :""! 

1 56 I    !    1 n ] 
•i  -'" "7 ':  C" -j. 
l •-' : .: .—l 

i 5 ';'• r T O R . L 
159 • £, u l^i 
160 i-,5 
1 t" 1 --3 P!~ • 

162 I :Q .! : 
1 b 3 :' ;9 C u s 
164 i cr - 
1 £=, :'" iiL 

c*" r n 

3 66 i   ; •-' i""j '1' 

1140 

4    "' : 

i 7 

M    rnc 

5       + 

1220 

1150 
ill      ijij 

13C 
i •*' i 

i •-'£ 

1 3:1 
1 -JC 

1   ~:c 

RCL 
12 

S I M 

R C L 
j.  T* 

1 Si" 

162 

3 9      ! "12      0 2 

1^2 

146 
1 47 

1 49 

i o o 

65 
4 3 RCL 
i)6 0 6 
'."0 RrlD 

1""' r * C' 

'. .j r~ 

•-• -J •-' 

i-* ir 
. 1 ...i •f 

4'"! RCL 
t) 6 06 
• • I? •:• J. 11 

1 l-l*z: 

i -. r 
: 91 
1 r* iZ 

j. 93 
1 94 
1 X 95 
1 ?6 
1 Q T* 

i 9!-; 
1 ''-t'1! 

R 

i~   -i 

11 



200 22   INV     lTSo770f80,90,1200,10 
201 39   CDS   • 
202 65 

205 ,3 
206 "'5 

208 .5 
20'? 54 
? 1 n 

O -I .-1 

> 0   n E G 

: U      10 
35     + 
4>;    Q,-.\ 

•J I O -J 

52 ! !"~! 

5.2* 00 
9 3 

• -? [_* 

O ET O 43 
259 16 1 £ 
260 75 - 

261 ui i 

262 95 =r 

263 ~T —~ 
•.-• T r 

iz! fc' 4 nn oc 
265 7 0 Rfl] 
266 39 CE3$ 
267 65 

1240 

4'- 

n    i'i i 
i U O ?7 1 

24 74 
1250 

,-•-, 4 j 

4 •_; u :"/ ~i :Z 

231 i— ill INV 
•~t •"! *~t 1      »' GE 
i_ •_' '.! 02 

281 85 
282 0j 
2R3      02 
i^. O ""+ 

•^! ^ + 
265 93 
2 8 6 i • j. 1 

240 00 0 
241 01 1 
242 07 7 

244 b5 
•i cr 

1 

4 6 01 1 
J "7 i 'i o o 

f 

24 9     43   RCL 

1230 

2 9 3 

2 9 0 •+3 RCL 
291 00 !J ij 
'"' '-i V 08 :=; : },] 

2 9 3 H 
v Q il 01 i 

345 '•' 3 a 

cl V* O i i 4 .J. 

297 65 

43   RCL 

12 



:fin     on     DO 550 •2   STD 

OH      -i   :*\ 
. • c 
r i. i 

1590 

3 0 7 3 2 
3 0 3 0 2 
3 0 9 0 4 
:"; 1 0 9 5 

i 

314     0 2 
Si 5     65 

1260 
; 1 

n 1      1 

: r-. H. 

it. 7 

•-.-.-I     r 

? "-l 

1 
1 

- 

1 '-i 

iv? Li-' 
10 1 0 
42 STD 
0 0 0 0 
U."   -I 

ll> 

i      1.« -J 

1600 

1 "13 

'.29      95 
; 3 Q      4 2 
!31      00 

1270 

1   ~i  A 0 6 C< 

335 94 + ,••• - 

.' 3 6 . "; •" 'A\ T 
:''"' "7 43 R C L 
.' •"• Cj 0 I 01 
'; '~\ Q S • J + 
3 4 0 -1 'T' RCL 
I' *T   1 10 10 
"i   ^ -"i ,:,5 - 
"1 A •"' 
I1 H" ••' 39 CO s 
;:^4 ir ul STD 
'.•   ' c". i) 2 '-' C— 

-: id H 
-, _, 

GE 
"47 04 04 
T1 -1 C1 60 

0 0 
:• 0 

549 0    1280,90 

30     i-,\ 

30      '..'•:• 
s .1       t-~. =• 

I IH 

l N' 

'?   ! 

1-..5 pi 2 1610 
-i j"j . 1 ,;( 

1 

34 0 i 1 i 

35 ' '•• ^J •i 

36 9 3 j 

37 01 I 
33 GS 

13 



400  01 
4U i 
402 5:3    " < 
403 43   RCL 
404 
4 i I .J f, 5     tf 
406 

403 ,1 

409 69 • > 
410 10 i 

41 1 95 = 
4 I •"' 65 
413 53 t 

414 U   I 
i 

42i 

d^n *T •-' U U i 
451 9 5 95 
452 •~: *~: 

453 j-i c; c 

454 00 ;j 

455 
• --, J 

SBR 
456 j*j T* 1 ! y 

•1 =T"7 O .•*! Qd 

453 
459 
460 
461 
462 
4 6 3 
464 
4- r; ."• 

466 
467 
463 
469 

47 

PR 

94   + .•••' 

• L 

4:~:   ori 

1350,60 

424 
425 
426 
'-+ LL •' 
.i   -""I  ~i 

4 2 9 
4 3 0 
431 
432 

HO 

4 ••• K '•-• i_ 

10 10 
38 SIN 
50 I xl 

69   DP 
10      10 
95      = 

4 3 6 4 •_"' RCL 1?00 
437 1 1 1 1 

1  X 

433 71 3 8 R 
439 0 :-' •j 1 

440 Cj -1 94 
441 •4- 2 STD 
442 :. 1 11 

DCZ A    .'  -~i 1070,1720 
d   1 L! 0 9 09 
^4-J 00 00 
A   A £ 
"7 "f '_' 9 8 9 8 

32 X:T    1730,^0 
448 02      2- 
449 7 1    33R 

4 t * 1. 

475 '. °T! 

RCL 
476 0 1 01 
4  !' 39 CDS 
478 t."  ^ 

473 4 3 K L i_ 
4 8 0 10 1 0 
.4  -1 H 

to i 3 9 r: n •-: 
482 '•"' S + 
433 O '"*' 

j, 

434 

486 • ; 1 
j. 

487 :. |: i^,' - 
A   t-i :": 
H- O £l 4 -JL IN*' 
4 H 9 -  ': i~l sir 
490' *": ~! 

ilQ 1 ] j 
_, 

492 9 3 , 
433 • ! K 6 
A  .^ .1 0 ^ •4 

4*<c; :"; 4 J- / » 

496 . .c; f 

497 01 1 
49S 1 j 2 "» 

499 *5 - 

14 



5 Ci 0 
501 
502 
5 0 3 

ill 6 

-',    |K 

43 RCL    1370 
0 0     0 0 

.J — 

4 -i' R _• L 

0 3 U ;-: —[ 

51 1 :• •:> 

512 \'\ 1 

514 65 
cr •: =• L7 -i 

551 

•j -j • J 

1 0 

IT .1 

ill 

-i 5 9      4' 

1390,1400,10,20 
564 U cl ;_; w 

563 50 I x I 
^^ L! J •"' STD 
565 0 0 
566 >-t ._! Y :':- 

6 y  D F l'-l 

51 9 54,9 

521 
^ -~: •"• 

524 •j • t 

1380 

534 0; 
535 5; 

536 n; 

53S 32 
5: i 9 02 
540 04 
5 4 1 :\. — 

••' '*? ^ 32 
543 

_, ^ 

544 0 1 
C 1 ET 
•J "4 •_' 02 

54' 

r. i.- i_ 

<r T 

<  I 

60 •: 

•J O t 

589 
500 
501 
502 
5 9 3 
C- .",   .< 
•J .-' "f 
59 5 
5 •-.-! 6 

^7 
jg 

n i 
60 1530,1650 

RCL 

s T n 

43   RCL   1^70 
!   K 

69   DP 
] 0      1 C 

15 



6 0 0 ( 

601 V- _ '. RCL 
6 0 2 1 O 1 :r; 
6 n 3 -J - 
604 43 RCL 
6 0 5 U4 04 
6 0 6 —. 'i > 
6 0 7 6 5 
6 0 8 tr -i ( 
6 0 9 4 *J RCL 
610 05 05 
611 75 - 
612 4-3 RCL 
613 1 o i p 

614 cr ,-i j 

95 - 
6 16 •!'• •—. 

'-.-' *• T" 

b I \ 00 «_* 
6 1 8 il ii 

T L 11 1 
1 \'\ V 

6 1 9 "7 "7 
•_:£. 

620 U !' 07 
£21 •":: =: 

RCL    1510 

624 6 0 + 
625 fl 1 1 

6 2 6 0 2 :ll 

O ^1 !'' 65 
6 2 8 •_• •»• ( 

629 tr --i c 
630 43 K L L 
631 04 04 
632 75 - 
6 3 3 i "*' RCL 
634 1 O 18 
635 ET ..-i ') 

6 3 6 69 l-: ID 

637 1 0 10 
6 3 8 'J' O . + 
639 •~t   ~i KIT 
6 4 0 01 1 
64 1 tr ..•• "l 

642 65 
643 •J L! x: T 
644 50 T ••-• T 

i   '•• i 

645 75 - 
646 1 "~i RCL 
647 04 04 
648 95 - 
649 65 

1520 

650 *—* ii— X J T 
651 39 it 

652 55 "T 

653 •T •!« RCL 
654 0 3 Oi 3 
655 i"'; C = 
6 5 6 4 ii •;• r n 

657 
V? X; T 658 1550 

653 94 -f / - 

660 cr cr - 
661 43 RCL 
662 01 01 
6 6 3 95 - 
664 •_ll JC 

T LI 1 1 

665 i,* O 
1   :-. ! V 

6 6 6 "7 C| ~ 

667 •-= i^i 
':-:' *" T 

6 6 8 '-! Q U 0 8 
669 95 — 

6 7 0 65 
fi~* 1 4 0' r\ L- i— 

672 02 02 
673 •Z-C. + 

b 1' 4 43 RCL 
£. T7 ^ i ;-i n ^ 

681 

1111 

i N 

f;! 

no 

0'..' u- *-!'"-' '.. 
683 01 ^ 

6 8 4 O ~. + 
b 8 3 4 3 RCL 
6 8 6 !""]'"' :"'l -~I 

6 8 7 •Zl O X £ 

A H H cr .-i ) 
689 4 w STD 
6 9 0 04 04 
691 '-! ^j - 
692 32 
693 43 RCL 
694 0 0 0 0 
695 65 
696 4 3 RCL 
69,-' U2 02 
693 65 
699 ( 

16 



7 0 0 
701 
702 
703 
704 

707 
708 
70S 
710 
7 1 1 

43   RCL 
fv'\    -0:3 

RCL 
fi 1 

22 INV 
23 LNX 
85     + 
01      1 

'50     32 
'51      01 

t   .- I  Li 

J  I 

O I"! •-' 
•—- • -• i— 

9     05 

23   L 

L--  "I 

1680 

3   RCL 
0 3 

Uii 

i' i ? 
7 •:-• n     i" 

! .   I 

U i 

LNK 

31 

u*r 

95 35 
01 GTD 
0 3     0 3 

1570,80 

?CL 
11 u 

43   RCL    1640,60 

39 i y i O 
•? c; 4U 

4 1 •J ul 

42 01 1 

43 U 2 _i 
.- cr 

ur l-r 

4 5 •J O r' 

46 •-' w ;,:; j j 

47 69 DP 
48 1 0 10 
4,:-i 85 f 

vu 

-?!-, 

i.       'j   i   u 

37     07 

MIN/MAX 
SUBROUTINE 

^Q            --:Q 

}:2 ::rr 
j>2   RTN 
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APPENDIX C 

PROGRAM LOGIC MODIFICATIONS 

The following program logic changes were made to the BASIC 

version of MINIMUF-3.5 to minimize program storage 

reaui rementsJ 

(1) The computation of M9 at lines 1300-1330 and 1430-1460 

is independent of the main loop and was moved to the 

beginning of the programt immediately following the 

calculation of Gl 3nd K5. 

(2) The loop index computation at line 1070 was separated 

into a computation of a new variable* KHOPr which is either 

1 or 2r and a follow-on computation of Kl from K'HOP as the 

first item within the loop. 

(3) The computation of G8 at lines 1530 and 1650 is common 

to both less of the preceeding test for (T5-T4)<T-T5)r and 

has been moved ahead of that test. 

(4) The test at line 1470 serves to reverse the sense of the 

following  tests at lines 1480 and 1500. This logic has been 

combined  into  a  single test  on  (T5-T4)(T-T5)  with   a 

weighting  factor  of  1 or -1 to reverse the sense of that 

test. 

" 
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(5) The computation at line 1360 was simplified to the 

arcsine by way of trigonometric identity* 

(6) The MUF limit established at line 1730 was changed to 50 

vice 32 to 3Ccomodate high solar flux densities* 

(7) Throughout the programt explicit calculation and storage 

of variables that are used only once in following statements 

has been eliminated to conserve on data register 

reauirements. 
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APPENDIX D 

PROGRAM OPERATING INSTRUCTIONS 

The following instructions must be followed to operate the 

TI-59 version of MINIMUF-3,5: 

(1) Repartition the calculator for 800 program steps and 20 

data registers by pressing 2/0P/17* 

(2) Load the 4 memory banks from program cards (2) or by 

entering program keystrokes with the calculator in the LRN 

mode. 

(3) Enter input data as followsJ 

(a) Transmitter North Latitude in  decimal  decrees  in 

R12 (ranae -90 degrees to 90 degrees) 

(b) Transmitter  West Longtitude in decimal degrees in 

R13 (range 0 to 360 decrees) 

(c) Receiver North latitude in decimal degrees  in  R14 

(range -90 to 90 degrees) 

(d) Receiver West Longtitude in decimal degrees in R15 

(range 0 to 360 degrees) 
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(e) Month in R16 (rarde 1 to 12) 

(f) Day in R17 (range 1 to 31) 

(g) Sunspot Number in R19 (range - positive number) 

(4) Enter Time in X-register (range 0 to 24 decimal hours) 

(5) Press A 

(6) If a printer is attached)' the input time is echoed r 

followed by the answer (MUF) after 50 seconds for single-hop 

and 100 seconds for two-hop predictions. 

(7) The answer is displayed in the X-register when the 

program halts. 

(8) All input Quantities remain undisturbed in R12 thru R19 

(time is stored by the program in R1S). Another MUF for a 

different time can be computed directly by repeating steps 

(4) and (5). 
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APPENDIX E 

TEST CASE 

The test case th3t follows was provided in the NOSC report 

on MINIMUF-3.5. The actual printer listing of input and 

prosram output is included. 



CONTENTS REG 

-••. * 

u".  i. • 12 (LI) 
1 ^A 13 OH) 

14 (L2) 
••   '"? "~[ 15 (W2) 

' n - i ft (MO) 

j. i   t 17 (D6) 
0. 18 

i • 0, 19 (S9) 

INPUT 

0. 0 (Time) 
J6. 3 (MUF) 
1. 0 

15. 0 (etc) 

3. U 

4. 0 
25, 0 

5. 0 

6. 0 
20. 9 

7. 0 
19. 3 

8. 0 
13. 0 
9. 0 

lb. 9 
10. 0 
16. 0 
11. 0 
15. 2 
12. U 
14. 6 
13. 0 
X   't.      L 

14. 0 
13. 7 
15. 0 
21.0 
16. 0 
27. 0 
17. 0 
31. 5 
18. 0 

19. o 
35. j-. 

20. 0 
3 6. "7 

"• • 0 
-j' i . 

•:' 

I'J 
-' "? 1 - 

. .1 

37. 
o 

OUTPUT 
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APPENDIX F 

TI-59 CUSTOM MODULES 

The following points of contact are provided for the design 

and manufacture of TI-59 custom modules. Both Texas 

Instruments and Horizons Technology (contracting with TI) 

provide software* emulator* and consulting support for the 

design and production of custom modules. Costs Quoted at 

this time are approximately $12*000 for a minimum order of 

250 modules. This includes emulator support and manufacture* 

but does not include software consulting. Cost reduction 

through Quantity is available. 

Fred Wilke 
TI-59 Custom Module Division 
Texas Instruments 
Lubbock* TX 
(806) 741-3240 

Robert Kruger 
Horizons Technology* Inc. 
7830 Clairemont Mesa Boulevard 
San Diego* CA 92111 
(714) 292-8331 
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